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Executive summary

Round Robin 2010 was the fifth world-wide ring teétthe expert group on oil spill
identification of the Bonn-Agreement (Bonn-OSineat)which 24 laboratories from 18
countries participated.

In this Round Robin test, the samples were prepémedrhe North China Sea
Environmental Monitoring Center of State Oceanieaistration of P. R.,China. Five
oil samples were sent to the participants. It weguested to work (if possible)
according to the “final” version of CEN-TR 2v2,.i&version open for comments that
have been published on the forum in August 201&idfzants were asked to send an
internal-technical report by email (See 7.2 and &na of the draft version 38 of the
CEN-TR). The original reports have been combined fimal report, together with an
evaluation of the overall results.

The laboratories were requested to report the ey, with reasons, and to compare
the spill samples (1, 2 and 3) with the candidatece samples (4 and 5).

Table 1. Participating laboratories

Laboratory Location Contact

EPA Macleod (AU) Syed Hasnain

NSWDECC Lidcombe (AU) Val Spilmans / Steve Fuller
SGS Varna (BG) Veselka Pashova / William Froude
PESCEC Vancouver (CA) Dayue Shang

ESTS Ottawa (CA) Chun Yang

EERC Tallinn (EE) Juhan Tamm

NBI Vantaa (FI) Niina Viitala

LASEM Toulon (FR) Jean Ulrich Mullot

CEDRE Brest (FR) Julien Guyomarch

LvGMC Riga (LV) Irina Dzene / Rita Skolmeistere
RWSWD Lelystad (NL) Paul Kienhuis

NFI Den Haag (NL) Rene de Bruyn

SINTEF Trondheim (NO) Liv-Guri Faksness / Per Slifdp
SKL Linkoping (SE) Magnus Kallberg

CSIC Barcelona (Spain) Joan Albaiges
NewFields-EFP Rockland (US) Scott A. Stout

CEDEX Madrid (Spain) Ricardo Obispo

BSH Hamburg (DE) Gerhard Dahlmann

Petrobas RiodeJaneiro (BR) Fabiana D.C.Gallotta

ERT Edinburgh (UK) Gordon Todd

NCSEMC Qingdao (CN) ZhouQing / WangXinping
ISPRA Rome (IT) Giulia Romanelli / Marina Amici
BMM Oostende (Be) Marijke Neyts / Patrick Roose
ALET Moncton (CA) Josée Losier / Art Cook

The participating laboratories are listed in Tablavhile the results are summarized
anonymously in Table 2. Each lab has been givemdam number, that will be used
throughout the whole text of this document.



Table 2. Comparison of Spill Oils and Source Oils

Participant RR2010-1 with RR2010-2 with RR2010-3 with
RR2010-4 RR2010-5 RR2010-4 RR2010-5 RR2010-4 RR201D-5
1 NM NM PM NM PM NM
2 NM NM M NM M NM
3 NM NM M NM M NM
4 NM NM M NM PM NM
5 NM NM M NM M NM
6 NM NM M NM M NM
7 NM NM M NM M NM
8 NM NM M NM M NM
9 NM NM M NM M NM
10 NM NM M NM PM NM
11 NM NM M NM M NM
12 NM NM M NM M NM
13 NM NM M NM M NM
14 NM NM M NM PM NM
15 NM NM M NM PM NM
16 NM NM M NM M NM
17 NM NM M NM PM NM
18 NM NM M NM | NM
19 NM NM M NM M NM
20 NM NM M NM M NM
21 NM NM M NM M NM
22 NM NM M NM M NM
23 NM NM M NM M NM
24 NM NM M NM PM NM

The oil type of sample 1 seems to have a compaditiat partly points to HFO, but also
to crude oil. The sample has been introduced t&Rthend Robin, because this type of
oil is more often found by NCSEMC and is not ddsedli in the CEN/Tr.

Non of the participants seen this oil compositiefobe, indicating that this type of oil
probably is only used / produced in countries mltinity of the Bohai Sea.

The spill samples 2 and 3 were prepared from saac®le 4. Source sample 5 is from
a crude oil that is found in the same area as sapl

All participants were able to come to the right dosions, although some were less

certain, because of the heavy and complex weathefiapill sample 3.



1 Introduction

This report is the summary report of Round Robih@0rhe individual reports of the
participants are available on the Bonn-OSinet for(password protected). The
summary report is publicly available on the Bonnk@% section of the
Bonnagreement websitevfvw.bonnagreement.oyg For confidential reasons the
results of the participants are indicated anonyryouasthe summery report; each lab
has been given a random number, that will be usexighout the whole text of this
document.

The method advised is the “final” version of CEN-PR2, i.e. a version open for
comments that have been published on the Bonn-®@finan in August 2010.

The summary report starts with the invitation leteee Chapter 2) send to 24
laboratories listed in Table 1. The letter contansintroduction to the annual round
robins in the framework of Bonn-OSinet, descrildes ¢cenario of the case and gives
instructions how to handle the samples and setiteianalysis report.

Results received from the laboratories are listeébable 2. In this table, 3 spill samples
were compared to 2 source samples. The resulideotification of the oil type are
listed in Table 5.

2 Instructions

On 15-8-2010 the instructions for RR2010 were m@idd on the Bonn-OSINET
forum:

Subject
Oil Spill 1dentification Round Robin 2010
Dear Colleagues,

This is the fifth oil spill identification intercddration round within the Bonn-OSINET
expert group.

We have prepared five samples for comparison.

Scenario and sample information:

In June of 2010, some spill oil was found in theimooastal area of the Bohai Sea.
Two spill samples were sent to our centre by allomanitoring station, one from a
harbour and another from a beach. The sample ftoenharbour is indicated with
RR2010-1, and the sample from the beach is indicatith RR2010-2. One month
later, another spill sample was taken in the saeech area, indicated with RR2010-3.



Two suspected source samples were taken from gmpeiline terminal nearby. The
samples were taken from two main pipelines condetedifferent platforms. The
suspected source samples are indicated with RR2G® RR2010-5.

To be able to send all participants the same sasyplee oil spill samples have been
dissolved in DCM at a concentration of 100 mg/ml.

Method

The method advised is the “final” version of CEN-2R2, i.e. a version open for
comments that have been published on the forumgugt.

Reporting

We like to ask you to analyse and compare thesgmtiples of RR2010-1 RR2010-2and
RR2010-3, identify the oil type (crude oil or fodP or some other type? explain the
reasons), and compare the spill samples with thespected source samples RR2010-4
and RR2010-5.

Send an internal-technical report by email (Seean@ Annex J of the “final” version

of the CEN-TR). The original reports will be condainn a final report, together with

an evaluation of the overall results.

According to the CEN-TR, you have to produce amdpare ratios and plots, and to
use these means in your reports.

The spreadsheet provided the last years may beeat gelp here. Paul have put an
improved version of this spreadsheet on our server.

Time schedule

15-8-2010: The samples have been sent out.
Before 1 November: Reports have been returned.
December: Final report will be sent to the peipants.
Meeting:

Send the results by email to: xxzhouging@hotmail, and
Gerhard.dahimann@bsh.de.

Yours sincerely,

Sun Peiyan

Zhou Qing

Paul Kienhuis, RWS-WD.
Gerhard Dahlmann, BSH.
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3 Real scenario

The North China Sea Environmental Monitoring Centefr State Oceanic
Administration of P. R.Chine@NCSEMC, Qingdao joined with the Key Laboratory of
Marine Spill Oil Identification and Damage Assessm&echnology, SOA, and is
responsible for:

* marine environmental monitoring, investigation, aadsessment in Chinese
northern maritime territories (the northern parthed Yellow Sea and Bohai Sea),

» the environmental protection connected with maaihexploitation activities and
* the assessment on oil spill accidents in its adstriative areas.

The Bohai Sea is one of the most important areasiffexploitation and oil transport in
China. Every year, some oil spills happen in te= EHINA

Bohai Sea, of which more than 70% are myst » o
spills. Our duty is, first to tell the oil type (mte oil T NSRRE

or fuel oil) of the mysterious spill. Lo

I}lllh:ln'lj#m";'

In case of a fuel oil, the MSA( Maritime safef*""s Bobal
Administration of P.R.China) and othg 2  san e
departments are responsible to find out wh : '
vessels caused the spill. In case of a crude eil, A I L L
must tell whether it comes from Bohai Sea oil fie| .«

and which oil platform caused the spill. :
Chirgdas

This year we have the honor to prepare the Rotrma
Robin Test, we hope to “share” our problems witHeagues in this family. In this
way, we can learn and improve together. The problemiuded in this Round Robin
Test, are mixing or a special type of HFO, simitaude oil, evaporation and
biodegradation.

3.1 RR2010-1 sample

RR2010-1 sample is a mystery spill oil sample ftomBohai Sea that we received on
May 2, 2010. Since 2008, this type of mineral adlswoften found in Bohai Sea. We
identified it as HFO, but the extremely high ret@omfused us a lot: is it a kind of
special fuel oil, or is it a mixture of fuel oil drerude oil? Where did it come from, we
haven’t find any crude oil in our database ( weehabout 1500 oil samples in our
database, mostly from marine oil field of Chinacatome imported crude oil samples
and fuel oil samples) which has so high retene eoination. Does the retene come
from the crude oil which did not crack during tleéiming process, or does it come from
mixing, or contaminants? We have a limited knowke@dpout crude oils from other
areas, and don’t know any special contaminantsatrung retene. So, we choose this
mysterious spill sample as RR2010-1. Let all cglless study it. In chapter 5, we will
describe more about the characters of this kindysterious spill oil.
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3.2 RR2010-2, RR2010-3, RR2010-4 samples

RR2010-2 RR2010-3 RR2010-4 are designed for the problems of evapmorati
biodegradation and water washing. Although theyehlbgen well studied and most
colleagues of this group are quite familiar witre thngerprinting change, for the
serious biodegradation spill samples, we still tfficult to determine whether the
degradation happened after the spillage in therenwient, or happened underground
before the spill. This is based on our experienite an oilfield in the Bohai Sea that
exploits crude oil from layers on different deptlike degree of biodegradation of the
crude oil is gradually changing from layer to layer

In 2006, this oilfield had a pipeline leakage. @manth later, oil was fetched on a beach
nearby. The spill sample showed a serious biodagjradcompared to the oil from the
leakage. We concluded a “probable match” accordintghe “final” version of the
CEN-TR:

when differences in chromatographic patterns armbdostic ratios of the samples
submitted for comparison are lower than the vari@piof the method or can be
explained unequivocally, for example by weatherifige samples are considered to be
identical beyond any reasonable doubt

Serious biodegradation could be explained, but eeétdhink it is unequivocally. We
think that this problem should be studied more.

3.2.1 Preparation of the biodegradated samples

In 2009 we had a research project on spill oil émeediation with Ocean university of
China, Nankai Univerisity and other departmentse d¥nducted the lab experiments
and field experiments. The samples RR2010-2, RR:30diid RR2010-4 were chosen
from the lab experiments. We will introduce the fpasts of these experiments shortly.
The results of this research will be publishechim fluture.

3.2.2 Lab research.
® Hydrocarbon degrading bacteria screening

Hydrocarbon degrading bacteria (N1, N2, N3, and &l biosurfactant producing
bacterium B-1 were selected to prepare for theghmediation experiment, which were
screened from petroleum contaminated seawateeqgidit of Qingdao.

The information about the bacteria applied aredish Table 3.
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Table 3. Bacteria used for the experiments.

Strain Genbank accession number
OchrobactrumN1 HQ231209
Brevibacillus parabrevidN2 HQ231210
Brevibacillus parabrevidN3 HQ231211
Brevibacillus parabrevid4 HQ231212
Brevibacillus parabrevi8-1 HQ231213

® Marine environment simulating device design

The marine environment simulating device was speéeisigned for this research. The
internal tank size was 1.5 m (L) x0.8 m (W) xO.THh. It could be filled up with 840 L
water. The device, equipped with refrigeration hadting equipment, could maintain a
steady temperature. It had an aerator and a stindar water, as shown in Fig.1, so that
the dissolved oxygen (DO) could be kept at a ceftaiel. Data of temperature, pH and
DO were recorded every minute by the upper com@utamatically.

Fig.1. The marine environment simulating device.

® Experiment process

This experiment was conducted in the undergrouraander of our department. Two
bioremediation experiment chamber devices were.u3ad was the control and the
other was the experimental. Each tank was addel &&Dicial seawater and spread
with 600 ml crude oil. The bioremediation experimemas carried out at 25°C for 10
days. During these days, the room temperature wastal9°C. Both tanks were
aerated and stirred at regular intervals. Floatihgamples were tested everyday over a
period of 10 days. In order to investigate thedafrading ability of N-series bacteria
consortium without human interventions, the biordiagon experiment was
conducted under natural conditions for about 4 merafter the 10 days’ regular
investigation. Floating oil was sampled from thetevasurface using a five-point
method and analyzed till the 144 d. The room tewmtpee fluctuated slightly around
0°C.

13



OArtificial seawater: It included 3.75% (w/v) Ngl1.67% (w/v) MgSO4-7H20
and 0.06% (w/v) NaHCO3.

00 Crude oil: It was sampled from a reservoir of Behai oilfield (viscosity
22.2mP& (50C, 50 rpm), density 0.8552dm3).

We chose the original tested crude oil as RR201RRR010-2 was a light weathered
sample, fetched at the 10th day. RR2010-3 wasieuseweathered sample, fetched at
the end of the experiment on the 144th day.

3.2.3 Field experiment

We built several ponds near a coastal beach. Tdee @ireach pond is 4m*4m. The
experiment period is from 11 July to 27 October3(#ays). The water depth is about
70cm. Different hydrocarbon degrading bacteria gsowere put into these ponds
according to the quantity of 3 LfmiThe crude oil was put into pond with a quantity 1
L/m? so 16 L/pond. Samples were taken on the 3rd, 1B, 33rd, 66th and 103rd
day. During these days, the temperature was 10-2fd it rained frequently the first
50 days.

o

Fig.2. Bioremediation Field Experiment.
3.3 RR2010-5 sample

This sample was intended to represent a diffenemtecoil with properties very close to
the crude oil used for the experiments. In the B&ea oilfield, some platforms
produce almost the same crude oil. In one spikkcag sampled 20 suspicious
platforms, but with the analysis technique and ifieation indiceswe use nowadays
they could not be distinguished. The results ofrthend robin test showed however,
that RR2010-5 has not been selected successflié/distinct difference between
RR2010-5 and RR2010-4 made all participants to looleca non-match without any
difficulty.

14



4 GC-FID Evaluation

According to version 38 of CEN-TR 2v2, the chemiftagerprinting analysis in the
laboratory starts with the GC-FID screening. Theadeom this screening should be
used for:

0

characterizing the oil sample(s) by obtaining therall boiling (carbon) range of
the oils, i.e., the total distribution of hydrocans including n-alkanes from C10 to
C40 if present. For an overview of boiling poinfaealkanes;

visual inspections of the chromatograms for possilaracteristic features and a

tentative classification to a type of the spilleldamd source oils if possible;
determining the degree of weathering;

establishing selected acyclic isoprenoid ratios 7{@iistane; C18/phytane and
pristane/phytane).

eliminating samples for the GC-MS analysis (lev@l iR they are obvious
“non-matches” to the spilled oil

adjusting the injection concentration of the sarmpte mid-level for the GC-MS
analysis.

The GC-FID chromatograms of the RR2010 sampleslare in Fig. 3 to Fig. 7.
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Fig.3. Spill sample from harbour, RR2010-1.
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Fig.4. Spill sample from beach, RR2010-2.
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Fig.5. Spill sample from beach, RR2010-3.
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Fig.6. Suspected source, RR2010-4.
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Fig. 7. Suspected source, RR2010-5.

In this Round Robin test, most participants werndlgh the GC-FID screening, while

some participants went directly to GC-MS. From GE/FID chromatograms (see

Table 4) most participants identified the differermé RR2010-1 with the other samples
by the higher levels of alkylated naphthalenes ammimatics. Some participants
concluded that RR2010-1 was probably a fuel oililevRR-2010-2 and RR-2010-3

were probably weathered crude oils in this round.

From the GC/FID chromatogram peak profile, manytipigants identified the
evaporation or biodegradation of RR2010-2 and RR2f1based on the relative
increase of the isoprenoids.

Some participants eliminated RR2010-1, but to deitez the oil type, they still
continued to the GC-MS analysis. Only one partitgid not analyze sample 1 with
GC-MS. Most participants did not eliminate any s&spn this round, even is they
already found the difference, but did not get thalfconclusion and put all samples to
GC-MS analysis, some participants also used GC4Sdan to get more information.

The GC-FID screening results are summarized inerdbl

Conclusion The results of the GC-FID analyses show significdifterences of
RR2010-1 with the other samples, it may be a HFO.significant differences are
found between samples RR2010-2, RR2010-3, RR20a0e4RR2010-5 From the
GC/FID chromatogram peak profile, it could been atoded that RR2010-2 and
RR2010-3 were affected by evaporation or biodediawla

For a further determination of the oil type, andhgarison of the spill oil samples, all
samples should go to the next step: the GC-MS aisaly

17
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Table 4. GC-FID Screening Results.

Participants

Tentative classification oil type andreason

Determinated the degree of
weathering?

Eliminated any samples?

Yes, RR2010-1 was eliminated,
Lab 1 Yes, abundant remains of aromatic compounds ot méntioned but go through GC-MS for
determine oil type
Lab 2 No No No
Lab 3 Yes, abundant remains of aromatic compounds es, Y No
Lab 4 Did not use GC-FID
Lab 5 No Yes | No, although difference was found
Yes, RR2010-3was more weathefeNo, all samples were directly
Lab 6 Yes, The presence of high levels of naphiigadend 1-naphthalengghan RR2010-2, RR2010-3 wasnalysed with FID and MS far
affected by biodegradation determine oil type
Lab 7 Yes, spill sample 1 contains quite a lot of aroosadéind may contahYes No, although difference was found
as well some heavy fuel oil.
Lab 8 No Yes No, although difference was found
Lab 9 Did not use GC-FID
Yes, The GC-FID profiles, carbon ranges of GC-TRFalkane .
Lab 10 distribution, and thepcharacteristic shapegs otiBd1 hump Yes No, although difference was found
Lab 11 Yes, sample 1 is a HFO without any doubt, for highcentrationg Yes No
of aromatics
Lab 12 No, could not determine HFO or special croitle Yes, No
Lab 13 Did not use GC-FID
Lab 14 No No No
Yes, RR2010-3 was more weathered
Lab 15 No, could not determine HFO or weatheringlerolil than RR2010-2, RR2010-3 wadNo, although difference was found
affected by biodegradation
Lab 16 Did not use GC-FID
Lab 17 No Yes No, although difference was found
Lab 18 No Yes No, even if non-match was made
Yes, A relative increase of theNo, no final conclusion was made
Lab 19 Yes,

isoprenoids indicates biodegradatiorn

.by GC-FID
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Yes, The GC-FID profiles, carbon ranges of GC-TRHalkane
distribution, and the characteristic shapes of tHeM hump,

Lab 21 RR2010-1 is likely a mixture of weathered crudewdth other type ves No, although difference was fou
of oil.
Lab 22 Yes, _In sample 1 can be seen distinct clusterssaférs from Yes No, although difference was fou
cracking processes
Yes, RR2010-3 was more weathered
Lab 23 Yes, distillate range aromatic compounds than RR2010-2, RR2010-3 wadNo
affected by biodegradation
Lab 24 Not mentioned Not mentioned Yes, RR2010-1 was eliminate

not go through GC-MS

20



5 GC-MS Evaluation

5.1 OILTYPE

According to version 51 of CEN-TR 2v2 (this versibas been send to CEN for
acceptation), the GC-FID can be used to get atieatelassification to a type of the oil
type, but a GC-MS analysis is necessary for comfirom. In version 51, HFO is
described as follows:

Heavy fuel oil is a residual product of a refinety.may have gone through a cat
cracker and as a result the aromatic patterns cawehbeen changed (sometimes
becoming more or less standardized). As a resaltbthylphenantrene pattern has
changed, the concentration of methylanthrackas increased significantly and the
concentration of retene reduced strongly.

The results of the oil type determination areelilsin Table 5.

Table 5. Oil Type identification.

Participant RR2010-1 RR2010-2 RR2010-3 RR2010-4 RB20-5
Lab 1 HFO Crude oail Crude oi Crude oil Crude ail
Lab 2 Cracked oll Crude oi Crude oil Crude oi HFO
Lab 3 HEO Weathergd Weathergd Weathergd HEO

crude oil | crude oil crude oil
Lab 4 Mixture Crude oil Crude oil - -
Lab 5 HFO Crude oil Crude oi Crude oil Crude ail
Lab 6 Refinery product that has Crude oil | Crude all Crude oll Crude ol

many aspects of an HFO

Lab 7 HFO Crude oil Crude oi Crude oil Crude ail
Lab 8 HFO Crude oail Crude oi Crude oil -
Lab 9 HFO Crude oil Crude oi Crude oil Crude ail
Lab 10 HFO Crude oil Crude oi Crude oil Crude oil
Lab 11 HFO Crude oil Crude oi Crude oail Crude oil
Lab 12 HFO Crude oil Crude oi Crude oil Crude oil
Lab 13 - - - - -
Lab 14 HFO Weather_ed Weather_ed Crude oil Crude ol

crude oil | crude oil

. . Stron
Lab 15 Strang weathering nght Fuel /Light Fuel weatherg{ng Light Fuel | Light Fuel
Heavy Fuel Oll )
Light Fuel
Lab 16 HFO Crude oil Crude oi Crude oail -
Lab 17 Shale oll Crude oi Crude oil Crude oi Ceuall
Lab 18 HFO Crude oil Crude oi Crude oil Crude oil
Lab 19 HFO Crude oil Crude oi Crude oail Crude oil
A mixture of weathered crude
Lab 21 oil and weathered light refined Crude oil | Crude oll Crude oll Crude ol
petroleum product (probably
gasoline range fuel).

Lab 22 HFO Crude oil Crude oi Crude oil Crude oil
Lab 23 HFO Weathered Weathered . o o1 | crude oil

crude oils | crude oils
Lab 24 - - - - -

21



(x100,000)

RR2010-1 was classified as HFO by all participaRRR2010-5 was classified as HFO
by some participants, RR2010-2, RR2010-3, and RB20dere classified as crude oll

by nearly all participants.

5.1.1 RR2010-1

The GC-MS chromatograms of RR2010-1 are showngn&i

(x10,000)

M/Z 191

b

(x100,000)

M/Z 216

M/Z 192

(x10,000)

(x100,000)

M/Z 217

(x100,000)

M/Z 234

M/Z 178

Fig. 8. GC/MS chromatograms of RR2010-1.

In order to get more information about RR2010-fylbscan analysis was conducted,
and compared with an ordinary crude oil (Shownigs®.
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Fig. 9. GC/MS chromatograms of RR2010-1 and crudeilo

It was mentioned in chapter 3, that RR2010-1 iea spill sample, and we had
difficulties to sort this oil into the right prodiicategory. Such kinds of spills were
found more often in our sea-areas. Of courseathi$-O —at first sight. But results were
contradictory: high aromatics were found alreadythe gas-chromatogram of this
sample, which, for sure, originate from crackingt this oil also contains a very high
amount of retene, which —according to the desaoniptf the oil types as given in the
CEN/TR- should not have been present.
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Generally, and according to the high aromaticshan gas-chromatograms, sample 1
could have immediately been ruled out as non-miagcta the other samples (first step
in the Analytical Scheme of the CEN/Tr). Some pgvants did it. But most
participants analyzed this sample further, and diailne high retene peak. Additionally,
some participants also found high concentrationssaiturated alkenes over the whole
boiling range, which eluted just before the n-adbsrwith corresponding carbon
numbers. This could have been seen in the gas-etognams already, and could have
been evidenced by the m/z 83 profile. This is unoam in HFOs, which contain
residues from cracking. Although bonds are brokgnthe cracking process, and
aromatics and actually olefines are produced, nlbynoaly the aromatics remain,
because the olefines normally react very rapidhg thus may only be regarded as
intermediate products.

So, this spill was separately discussed in thiptErawith focus on the identification of
oil type. The results of some of the participamisaerning the oil type of RR2010-1 are
summarized below:

® Based on the GC-FID results, the sample from thétavas not analyzed by the
GC-MS method described in the CEN Guideline. Is ttase, a full scan analysis
was performed just to confirm the identity of thheraatic clusters. Among other
PAHSs (i.e., manly naphthalenes, phenanthrenesyinasual high peak of retene
was observed. The presence of this compound iscowimon in HFOs. The
possible explanation is a background presence @& soeas in the Bohai Sea
present high level of this compound (Bixiong et a@D06). This issue was not
further investigated since this sample was clediffigrent of the others and the
location of the harbor is unknowhab 1).

® The screening results show that RR2010-1 is a maxtiti contains a crude oil,
unsatured aliphatics (not only 1l-alkenes but alsk&nes and others) and the
naphtalenes (C0-C4) have unusual high concentsatiompared to the aliphatics.
(Lab 4)

® The samples were also analyzed by HTGC (high teatyper gas chromatography)
/ FID (see appendix 2 for conditions and appendigrdhromatogram), and the
nature of the sample RR2010-2 to RR2010-5 seemédx toonfirmed (lack of
residue of distillation, in agreement with crudéspi RR2010-1 seems to be
composed of a heavy fraction, which appears nairiglénot a vacuum residue),
and then could have been obtained following a eisking procesgLab 5)

® RR2010-1 is an unknown type of oil. It is probahlyype of HFO from a refinery
with an uncommon type of cracking procgtsib 6)

® According to the visual inspection of the GCs (Amigbl Scheme, step 1.1),
sample 1 is ruled out immediately as non matchongjltother samples because of
the presence of high concentrations of aromatichéenlower and mid-boiling
region (M-naphthalenes, DM-naphthalenes etc.), Wwinidginate from cracking
processes. As also compounds up to the highestdposinge are present, sample 1
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is a HFO without any doubt. A closer look at the G&Gample 1 reveals that peaks
are found just in front of every n-alkane. By meaha full-scan run, these peaks
were identified as alkenes (olefines). Also a higétene-peak is found.
A special refinery process, not conducted in Euaopeefineries, may be an
explanation for these peculiarities, and mixingafcking products with products
from other refinery stream@.ab 11)

The GC profile of spill sample RR2010-1 showed radaal envelope of alkane

peaks with prominent naphthalene and many alkyhtregene compounds, and an
unusually large 2-methyl anthracene peak for Chahtrenes(m/z192), As well,

the first pair of peaks for M-phenanthrenes clustere more abundant than
second pair of peaks. Several alkenes from aboBt&C22 were also detected in
this sample. Alkenes are not normally found in erwils but are formed when

crude oil is cracked in the refinery. This suggestisiple RR2010-1 contains a
heavy fuel oil, however, there was contradictortedagarding the identification

of the type of oil, namely the presence of thedargtene peak which is usually
reduced in heavy fuel oil (CEN/TR 15522-2 annex22}.. The presence of retene
may have been due to some unknown contamingtiai. 15)

Possibly the oil spill 1 is a shale djLab 18)

RR2010-1 might be a heavy fuel oil (HFO), due tt the ion of chromatogram of
Cl-phenanthrenes (m/z192), contains a high comtemethyl-anthracene, and
that the first doublet is higher than second. Ayvdrstinct retene peak was
observed in the ion chromatogram of C4-phenantlsreine/z234), which is
uncommon in HFO(according to CEN2v2). However i learlier been seen that
HFOs can content retene, possibly because of amiplete cracking process.
(Lab 19)

Its GC-MS fingerprints reveal that this oil was Ipably mixed with refined
petroleum products. For 2010-1 naphthalene andyhke#iphthalenes peaks are
quite high but its light components are low, whicidicates weathering and
contribution of other type of oils such as gasobineliesel (Lab 20)

RR2010-1 could contain a mixture of weathered craileand weathered light
refined petroleum product (probably gasoline rarfgel). naphthalene and
methyl-naphthalenes in RR2010-1 is particularlyhhighile its light components
are in low abundance. This is unlikely a resulenfichment by weathering (i.e.,
evaporation or biodegradation), but rather probalbtpntribution from other type
of oils (probably gasoline range fuel). Its GC-Mi&gkrprints further disclose this
oil was probably contained refined petroleum prasl(itab21)

In sample 1 heavy fuel oil (HFO) was found. In sample 1 camsben distinct

clusters of isomers from cracking processes (chenaation by GC-FID). The
cluster of isomeric M-phenanthrenes, for exampls, typical of the

high-temperature production of aromatics, Retensotsalways present in HFO,
but here we can see it in samp(edb22)

26



® RR2010-1 is comprised of a heavy fuel oil. Thibést evidenced by an excess of
distillate range aromatic compounds (naphthalem&Bgating the presence of a
cracked intermediate blending stock. Apparent “exteC14-C15 n-alkanes
evident in n-alkane profile (above) is due to agtiely aromatics, and not excess
n-alkanes (which is confirmed by a lack of excesalkanes revealed by the
GC/MS m/z 85 patternjLab 23)

At the annual meeting of the BonnOSiInet group incBena April 2011

® Joan Albaiges (CSIC, Spain) remarks that withokihtainto account the retene
peak, the distribution for Sample 1 and the presesfca range of alkenes is
typically obtained after thermal treatment (alkeaes often seen in fire residues
for example).

® Pierre Giusti (Total, France) comments that nonyn&lFO is a mixture from
different streams of a refinery, e.g. remains ef¢ht cracker is mixed with a light
product (LCO) from the vacuum distillation, resagfiin an HFO with the wanted
viscosity and specifications. This could explaie tetene content as the HFO will
not only be coming from cracking.

® Pierre also informed that the best way to analydesther an oil sample is a crude
oil or a mixture of oil products, is to use a higimperature simulated distillation
with a metal column. See ASTM protocols D7169-05d akSTM D2887.
Compounds up to C100 can be eluted. In case ofideanil the chromatogram
shows a constant pattern, while in case of a mextine chromatogram is more or
less divided in sections

5.1.2 High temperature GC-FID measurements.

According to the suggestion of Pierre Giusti atrtieeting, Paul Kienhuis has analyzed
some oil samples with a High Temperature (HT) GGoom with a system that
normally is used to analyze samples quantitativalynineral oil in water, according to
ISO-9377:

Column: DBHT-SIMDIS, L=10m; Fd=0.15 pnd;®.53mm; flow 6 ml/min.
Temp. Prog: 43°C -2 min - 43°C - 10°C/min -040 10 min

Splitless injection of 10 ul at 375°C; FID detectath a HT jet at 425°C.

The HFO and RR2010 samples have been cleaned lovesilbefore analysis.

The alkane standard (Fig. 10A) shows that the uéisol of the alkane peaks is reduced
due to the ID of 0.53 mm of the column, but alsat $ome space is left between C44
and the moment that the column bleeding startscatidg the high temperature
properties of the column phase.

A blank of dichloromethane has been analyzed“isj8ction after two standards with

27



Brent crude oil. At the end of the sequence forseond time a blank DCM has been
analyzed. The results are compared in Fig. 10B& dbvious that bleeding has been
reduced and that some ghost peaks are presenteidash analyzed blank. The

chromatogram of the blank DCM closest to each samplthe sequence is used as
overlay for the chromatograms shown in Fig. 10 &hd

Response_

2400000
2200000 A St alkanes C8-C40 5 mg/l each

2000000 with C44 added + blanc DCM

U =

1600000
1400000
10.00 15.00 20.00 25.00 30.00 3500 4000  45.00 50.00

1200000

1000000
800000
600000
400000
200000

Time
Response_

500000 DCM injections as blank (3rd analysis and lastysis)
450000

gggggg Bleeding has been reduced during the sequence .
300000
250000 B
200000
150000
100000

50000

. 500 1000 1500 2000 2500 3000 3500 4000 4500  50.00
me
Response_

2400000
2200000
2000000 (:

N

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

1800000
1600000
1400000
1200000 d

st brent 5 vv + blanc DCM

1000000
800000

600000 WJV
400000

200000

Hme
esponse_

1.2e+07 D

le+07
8000000
6000000

= MWLMJW\MW%

T T
500 1000 1500 2000 2500 3000 3500 4000 45.00 50.00

st brent + blanc DCM

Time
Response_

2400000
2200000 E
2000000

igggggg RR2010-1a + blanc DCM

1400000
1200000

B

400000
200000

. 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
ime

Fig 10. HT GC-FID analyses of a standard of alkangCM injections as blank,

Brent crude oil at two concentration levels and thdirst duplicate of RR2010-1.

The chromatogram of DCM, analyzed closest to a sangis used as overlay to
indicate baseline and bleeding.

The Brent crude oil has been analyzed at concemigabf 0.6 and 3 mg/ml to see
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whether this influences the pattern. Fig. 10C andgHow that the concentration
difference does not change the general pattern.
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Sample RR2010-1 has been analyzed twice at the sg@eton concentration to see
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the variance between injections. Fig. 10E and 1i@éwsvery similar results.

In Fig. 11B the chromatogram of an HFO from a ¢agbe Netherlands is shown. The
sections mentioned by Pierre Giusti are very wsible.

Fig. 11C and 11D are from the two non-weatheredeil samples of RR2010. Both
show, besides a hump around a retention time ofhiRl, a consequent pattern.

Comparing the two chromatograms of RR2010-1 with ¢ctude oil samples (Brent,
RR2010-4 and RR2010-5) and HFO sample shows tedigtiter part is very similar to

the HFO sample, but for the rest of the chromatogrhRR2010-1 the pattern doesn’t
show the humps of the HFO sample.

These results suggest that RR2010-1 could be aimixf an atmospheric distillation
residue of a straight run refinery that has beexethwith a light product to get the
proper viscosity. See [2] for more information abthe difference between a straight
run refinery and a modern complex refinery.

This conclusion is however based on a limited kralge of HT GC-FID analysis. E.g.
the small decent at a retention time of 25 minstimple RR2010-1 could indicate that
here a new part of a mixture starts.

The results also show that a HT-GC-FID analysisgre@ additional information about
the composition of an oil sample.
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5.1.3 RR2010-2, RR2010-3, RR2010-4. RR2010-5

The GC-MS chromatograms of RR2010-2, RR2010-3, RR2Dand RR2010-5 are
shown in Fig.12 tol7.
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Fig. 12. Traces for m/z 191(hopanes) for the samgle
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Fig. 17. Traces of m/z 178 (phenantrene and anthrane) for all samples.

All four samples are crude oils:

The ion chromatograms of m/z 192 contains only alls@1.- anthracene peak, and the
first doublet is lower than the second. The contdntetene (m/z 234) is low. The
suspected sources from the two pipelines are soatesimilar, but a few visual
differences can be observed, especially in the patiterns (192 and 216). The oil from
pipeline 1 shows more visual similarities to theorgine spill, than the oil from
pipeline 2.

Version 51 of CEN-TR 2v2 has the following desddptfor HFO:

Heavy fuel oil is a residual product of a refinety.may have gone through a cat
cracker and as a result the aromatic patterns cawehbeen changed (sometimes
becoming more or less standardized). As a resaltibthylphenantrene pattern has
changed, the concentration of methylanthrackas increased significantly and the
concentration of retene reduced strongly.

It can be concluded that the HFO definition is eotrfor the RR2010 samples 2 to 5,
but not suitable for sample RR2010-1

We also found some crude oil samples that are guntdar to HFO. Some examples
are given below: The GC-MS chromatograms of cruldeame show in Fig. 18 to 22.
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It can be concluded that: “methylanthracene hasased significantly” is the most
important character of HFO, but there is not a tjtianstandard, and the
methylphenantrene pattern may be affected by sem@athering. So it is necessary
to work on a more detail identification standarddetermining the oil type.
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5.2 Comparison of the two beach sample (RR2010-3 R&R2010-2).

PW-Plot normalized to Ratio comparison graph:

The comparison of ratios _relative difference in %

tetramethylphenantrene mRR2010-3 v RR2010-2
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Fig. 23. Comparison of the RR2010-2 andRR2010-3: Nuative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion: The ratio graphs shows a good consistency betwesitmio samples.
Only the ratios C17/pristane and C18/phytane dwortch, which also was observed
visually in the GC chromatograms. The MS-PW plobved that the RR2010-3 is
more weathered than the RR2010-2. The differenbssreed in the GC-PW plot are
due to weathering and these two samples are freradime source.

For the sample comparison of RR2010-2 and RR20106e3} participants reported
that they have suffered with the different levelswaporation (the lighter alkanes)
and biodegradation (alkanes C17 and C18).

41




Lab 2 has done an extra experiment by washing safpith water (Fig. 24) and has
given an explanation of the behavior for the conmatsuin the PW-plot.
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Fig. 24 Water washed effect on 2-Methyl / 1-methydhenanthrene ratio (Lab 2)

Lab 6 has also indicated and described the behaf/mympound groups in the
PW-plot in order to explain the PW-plot patternhigher solubility in water
(naphthalene and the C1- and C2-naphtalenes)hbwatriation is high.”.

Since the lab research was done in the undergrchenthber, little photo oxidation
was occurred. Lab 6 reported it based on the Gdrdhthenes-pyrenes analyzed by
means of ion m/z 216 eluting after 35 min.

Conclusion: Positive Match
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5.3 Comparison of the two suspected sources (RR264%¥s RR2010-5).
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Fig. 25 Comparison of the RR2010-4 andRR2010-5: Nimxative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion:The results confirm that the fingerprinting of hiés from the suspected

sources is different.

Conclusion: Non-Match
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5.4 Comparison of spill samples and suspected soesc

5.4.1 RR2010-1 vs RR2010-4
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Fig. 26 Comparison of the RR2010-1 andRR2010-4: Nimrative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion:the results confirm that these two samples are fiiffarent sources.

Conclusion: Non-Match
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5.4.2 RR2010-2 vs RR2010-4
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Fig. 27. Comparison of the RR2010-2 andRR2010-4.0KXmative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion:The PW-plots show a similar pattern of RR2010-atre¢ to RR2010-4.
It can also be seen from the ratio comparison tabtegraph (Right side Fig. 27), that
all ratios, except C17/pristane, are below thecalidifference of 14%. The higher %
of pristane and phytane in the MS-PW-plots of id&ound a ret time of 25 min.) is
caused by some biodegradation of the alkanes. ifleeethce is however small.

Conclusion: Positive Match
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5.4.3 RR2010-3 vs RR2010-4

Ratio comparison graph:
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Fig. 28 Comparison of the RR2010-3 andRR2010-4: Namative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion: The MS-PW plots illustrate that RR2010-3 is moreathered than

RR2010-2 and RR2010-4. The change of n-C17/pristade¢he n-C18/phytane ratios
between RR2010-3 and RR2010-4 indicates biodegoedatBiodegradation

primarily removes straight-chain hydrocarbons, amdater stages the branched
saturated hydrocarbons. Saturated cyclic hydrocarbare more resistant to
biodegradation. Important biodegradation indicatwesthe isoprenoids and the effect
of eventual microbial degradation can then be dfiadty the relative loss of n-C17
and n-C18 compared to the less biodegradable pestnd phytane. In the
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MS-PW-plots it is also very well visible that thesgjuiterpanes (between ret. times of
20 tot 24 min.) are resistant against biodegradabat not to evaporation.

Conclusion: Positive Match

5.4.4 RR2010-1 vs RR2010-5
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Fig. 29. Comparison of the RR2010-1 andRR2010-5: Nuative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion:The results confirm that these two samples ara fildferent sources.

Conclusion: Non-Match
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5.4.5 RR2010-2 vs RR2010-5
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Fig. 30. Comparison of the RR2010-2 andRR2010-5: Nuative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion:The results confirm that these two samples ara fildferent sources.

Conclusion: Non-Match
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5.4.6 RR2010-3 vs RR2010-5
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Fig. 31. Comparison of the RR2010-3 andRR2010-5: Nuative ratios and
MS-PW plot normalized to hopane / tetramethylphenatrene.

Discussion:The results confirm that these two samples are ftiffarent sources.

Conclusion: Non-Match
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6 Conclusions

6.1 Qil type

In this Round Robin Test, identification of the tipe has been an important task.
Although the CEN-TR 15522-2 gives a lot of inforioatabout HFO, it is clear from
Round Robin sample 1 that the information doeswvec all types of HFO around the
world. It can be concluded that:

= “methylanthracene has increased significantly"tié & valuable property of
HFO

» that the methylphenantrene pattern can easilyfeetafl by weathering and
= that the absence of retene is not valid for HFOhébin the Bohai Sea area.

The application of a high temperature analysis $ta®wvn to give valuable extra
information in the ability to differentiate betweenude oil and an oil mixture of
different oil products like HFO.

6.2 Comparison between the spill oil and source oil

Among all the spill oils, sample 1 and sample 5aurige different from sample 4, all
the participants got the right conclusion.

Sample 2 and sample 3 were from the same souroplesd. Sample 2 was suffered
from evaporation and slight biodegradation and gan8 was suffered from
evaporation, strong biodegradation and some waggnwg(in the stimulate device).
All these kinds of weathering could be observethi original chromatograms and
PW-plots. So, a “Positive Match” could be got bedawesample 2, sample 3, and
sample 4. As for spill samples with heavy bioddgteon, a “Probable Match” can
also be accepted, especially lack of environmenfarmation which could affect
weathering.

As an integral part of the CEN-methodology, MS-Pidtp can be used as a
confirmation that differences between spill and reeusamples are caused by
weathering effects. Such a confirmation is needeatder to come to the conclusion
of a “positive match” despite those differences.t Bu order to explain those

differences “unequivocally”, every deviation frolet100%-line has to be explained
separately by taking into account the differentcpsses of weathering, such as
evaporation, bacterial degradation, dissolution @mato-oxidation.

7 Bibliography

[1] Bixiong, Y., Zhihuan, Z., Ting, M. Pollution soces identification of polycyclic
aromatic hydrocarbons of soils in Tianjin area, @hiChemosphere, 64 (2006)
525-534."

51



[2] Monique B. Vermeire.

Everything you need to know about Marine Fuel s.

Published by Chevron Global Marine Products, JO§72
http://www.chevronmarineproducts.com/docs/EvendiboutFuels v0108 LO.PDF

52



